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(54) REFINING METHOD OF FULLERENE C60 

(57)Abstract 

PURPOSE: To provide a refining method of fullerene C60 with simple operation and process, 
high space time yield which is significantly and practically useful and easily applied for mass 
production in an industrial scale so that high purity fullerene C60 is efficiently separated and 
recoverd from soot containing fullerene C60 obtd. by arc discharge of carbon such as graphite 
or the like or laser abrasion or from a soln. containing fullerene C60 with impurities obtd. by 
extraction of the soot above described with an org. solvent. 

CONSTITUTION: A soln. containing fullerene C60 with impurities obtd. by extraction of soot 
containing fullerene C60 with an org. solvent is subjected to contact treatment with activated 
carbon. The fullerene C60 is refined by separating and removing the org. solvent from this 
treated liquid. 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The purification approach of the fullerene C60 characterized by carrying out 
separation clearance of the organic solvent from the obtained processing liquid after carrying 
out contact processing of the solution which contains with an impurity the fullerene C60 
extracted with the organic solvent from the soot containing fullerene C60 with activated 
carbon. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] When this invention is said in more detail about the purification 
approach of fullerene C60, it relates to the practically remarkable purification approach of 
the useful fullerene C60 which can carry out separation recovery of the fullerene C60 of a 
high grade efficiently from the solution of the crude fullerene C60 obtained by extracting the 
soot which contains the fullerene C60 f such as soot obtained by arc discharge, laser ablation, 
etc. of graphite, for example, or this fullerene C60 content soot with an organic solvent. 
[0002] in addition, the purification fullerene C60 obtained by the approach of this invention - 
- as an electrical conducting material, the raw material of a super-conductor, etc. — the 
electrical and electric equipment and the electronic ingredient field — for the first time — 
** — it can use suitable for various kinds of fullerene C60 fields of the invention to carry 
out. 
[0003] 

[Description of the Prior Art] Recently, the molecule-like carbon matter new type called the 
carbon cluster (spherical macromolecule) of the closed shell structured type of carbon 
numbers 60 and 70 and 84 grades is compounded, and attracts attention. The carbon cluster 
which has this special structure is also called fullerene, and is called fullerene C60, this C70, 
this C84, etc. by the carbon number which constitutes that molecule frame (only called C60, 
C70, and C84 grade.). Such fullerene is new carbon materials, and since it is expected that 
unique physical properties will be shown also from having the special molecular structure, 
research on the property and application development is advanced briskly. For example, the 
expectation of fullerene as an electrical conducting material of a high property which the 
application as lubricant in molecular levels, such as being a spherical macromolecule, is 
expected, and replaces a graphite etc. since it is the huge carbon molecule of the partial 
saturation nature of a uniform carbon number is also great. 

[0004] In the fullerene of the carbon number of these various kinds, fullerene C60 is the 
easiest to compound, and its expectation is great also in respect of an application. If a 
potassium is doped very much to fullerene C60 recently, it is found out that absolute- 
temperature 1 8K become a superconductor, a high temperature supercondactor is obtained 
one after another by addition of alkali metal, such as a rubidium and caesium, things are also 
shown, and attention of since various is actually attracted [Nature, 350,320-322 (1991), 
Nature, 350,600-601 (1991)]. 

[0005] Thus, fullerene C60 has the very great expectation as an exotic material and new 
materials in various kinds of fields of the invention including the electrical and electric 
equipment and the electronic field, and, so, development of the technique of producing the 
thing of a high grade to a large quantity as much as possible is desired. 

[0006] By the way, although generating these fullerene easily by carbonaceous arc discharge 
(resistance heating method) and laser ablation (laser evaporation method), such as graphite, 
is known, the soot which carries out little content of the fullerene is obtained in that case. 
Then, the technique which carries out separation (concentration) purification of the fullerene 



from this soot-like matter becomes important. As a manufacturing technology of the 
conventional fullerene including this separation / purification approach, from the soot 
obtained by the above-mentioned approach, extraction separation is carried out with 
aromatic hydrocarbon, such as benzene and toluene, it carries out to crude fullerene, and the 
approach a neutral alumina column etc. carries out isolation purification according to 
chromatography separation using this is learned further [Nature, 347,354-358 (1990)]. Here, 
aromatic hydrocarbon is used for the extract of fullerene because it is advantageous in 
respect of the solubility over fullerene etc. 

[0007] However, it is difficult to fully obtain the fullerene of a high grade only by an aromatic 
series solvent etc. extracting from this soot-like matter. In the extract obtained although 
fullerene C60 could be efficiently extracted when organic solvents, such as aromatic 
hydrocarbon, actually extracted the soot containing fullerene C60, various impurities contain 
besides fullerene C60, and the fullerene C60 of a high grade cannot be obtained from this 
solution only by carrying out separation clearance of the solvent as it was. 
[0008] Then, in order to obtain the fullerene C60 of a high grade, separation purification of 
the crude fullerene C60 (the solution and fine particles containing fullerene C60 and an 
impurity) conventionally obtained with the extraction method as mentioned above was carried 
out by the column chromatography method, and the approach of obtaining the fullerene C60 
of a high grade was adopted. However, in the purification method by such column 
chromatography, although it is easily applicable to little purification, there is a not practical 
trouble in the object which obtains the refined material of a large quantity. So, development 
of the industrial purification method which can be mass-produced was easily expected the 
fullerene C60 of a high grade strongly from the solution of the crude fullerene C60 obtained 
by the soot containing the fullerene C60, such as the above-mentioned soot, or its organic 
solvent extract. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above- 
mentioned situation. The object of this invention the fullerene C60 obtained by the extract 
by the soot containing the fullerene C60, such as soot obtained by the arc discharge of 
carbon, such as graphite, laser ablation, etc., or its organic solvent from the solution 
contained with an impurity It is the approach of carrying out separation recovery of the 
fullerene C60 of a high grade efficiently, and moreover, actuation and a process are easy, a 
space time yield is large, and it is fully in offering the practically remarkable useful 
purification approach of fullerene C60 easily applicable also to mass production method of 
industrial magnitude. 
[0010] 

[Means for Solving the Problem] As opposed to the solution which contains with an impurity 
the fullerene C60 extracted from the fullerene G60 content soot obtained by various kinds of 
approaches using the suitable organic solvent as a result of repeating research 
wholeheartedly that this invention persons should attain said object By performing specific 
processing of making activated carbon contact, this impurity could be efficiently removed 
with activated carbon, and it found out that the fullerene C60 of a high grade could fully be 
obtained with sufficient yield by carrying out separation clearance of the organic solvent 
according to a conventional method from the obtained processing liquid. Moreover, this 
approach was easily applicable also to mass production method of the industrial magnitude of 
processing raw material soot and its extract efficiently to a large quantity, and since 
actuation was easy and there were also few processes, it turned out that it is the industrial 
very advantageous purification approach. 

[0011] Based on the above knowledge, this invention persons came to complete this 
invention. That is, from the soot containing fullerene C60, this invention offers the 
purification approach of the fullerene C60 characterized by carrying out separation clearance 
of the organic solvent from the obtained processing liquid, after carrying out contact 
processing of the solution which contains with an impurity the fullerene C60 extracted with 



the organic solvent with activated carbon. 

[0012] In the approach of this invention, it is more important than the soot containing 
fullerene C60 to carry out contact processing of the solution which contains with an impurity 
the fullerene C60 extracted with the organic solvent with activated carbon. 
[0013] As the manufacture approach, especially a limit does not have fullerene C60 content 
soot (it may be hereafter called raw material soot) used here as a raw material of extract 
down stream processing by said organic solvent, and it can use what was manufactured by 
various kinds of approaches, such as a well-known approach. Specifically, the fullerene C60 
content soot obtained by the arc discharge and laser ablation of graphite is used suitably. In 
addition, before presenting an organic solvent extract, pretreatment of ether washing 
processing for example, etc. may be suitably performed to the raw material soot containing 
such fullerene C60 if needed. Moreover, mixing what was manufactured according to an 
approach which could use these fullerene C60 content soot by the one-sort independent, or 
is different, or conditions etc. may use two or more sorts together as mixture etc. 
[0014] Although various kinds of organic solvents (an independent solvent or mixed solvent) 
are usable if it has sufficient solubility from said raw material soot (fullerene C60 content 
soot) to fullerene C60 as said organic solvent used for the extract of fullerene C60 (crude 
fullerene C60) as extractant, aromatic hydrocarbon, such as benzene, toluene, a xylene, and 
a mesitylene, etc. is usually used suitably. In addition, these aromatic hydrocarbon can be 
suitably used also as an one-sort independent solvent or two or more sorts of mixed 
solvents. Moreover, these aromatic hydrocarbon solvents for an extract can also be used 
where other components, such as other organic solvents, are contained in the range which 
does not check the object of this invention. 

[001 5] it is independent about various kinds of approaches, such as a continuous extraction 
method there is especially no limit also as this extract approach, and can adopt various kinds 
of extract approaches, such as a well-known approach, for example, according to a Soxhlet 
extraction method and heating application of pressure, — it is — it can be used, combining 
suitably. 

[0016] In this way, the organic solvent extract collected from the extract process is a 
solution of the crude fullerene C60 which contains various kinds of impurities (for example, 
fullerene other than fullerene C60, carbon or a carbon compound of other gestalten, etc.) 
with fullerene C60. 

[0017] Contact processing with activated carbon is presented with the solution which 
contains with an impurity the fullerene C60 extracted with the organic solvent in this way in 
the approach of this invention. 

[0018] Although the extract itself obtained by said organic solvent extract is usually suitably 
used as a solution (the crude fullerene solution with which this activated carbon treatment is 
presented may be hereafter called a raw material solution) with which contact processing 
with this activated carbon is presented, the solution which performed adjustment of 
concentration or a presentation suitably to this extract depending on the case is also used 
suitably. 

[0019] Of course, the crude fullerene C60 obtained from the extract obtained as mentioned 
above by carrying out separation clearance of the organic solvent may be again dissolved in 
suitable solvents, such as said aromatic hydrocarbon, and contact processing with said 
activated carbon may be presented with the solution. That is, when the fullerene C60 which 
could present contact processing with said activated carbon with the solution, and was 
extracted with the organic solvent as was the above beforehand when the crude fullerene 
C60 (powder etc.) beforehand obtained by the extract by the organic solvent was available, 
and the solution included with an impurity are available, contact processing with activated 
carbon can be presented with this. Thus, when the extract processing by the organic solvent 
is already made, the extract process by said organic solvent can be skipped. 
[0020] The aromatic hydrocarbon system solvent which makes a principal component above 
mentioned aromatic hydrocarbon or this above mentioned as a solvent in the solution 



(solution which contains fullerene C60 with an impurity) with which contact processing with 
said activated carbon is presented is used suitably. That is, in the approach of this invention, 
since the continuous method of presenting contact processing with activated carbon with 
the extract obtained from that extract process, using an aromatic hydrocarbon (system) 
solvent as said solvent for an extract can adopt suitably, it has the advantage that a process 
can be remarkably simplified also in this point 

[0021] As said activated carbon, various kinds of things, such as activated carbon of animal 
systems, such as activated carbon of vegetable systems, such as minerals, such as a coal 
system and a petroleum system, or activated carbon of a mineral oil system, and a thing of a 
charcoal system, coconut shell charcoal, and bone charcoal, are usable. Also in these, the 
activated carbon of a mineral oil system or a vegetable system is usually used suitably. 
There is especially no limit also as the configuration of activated carbon, and a particle size, 
for example, anythings, such as a thing of the shape of powder and a grain, are usable. What 
is necessary is just to select the configuration and particle size suitably in consideration of 
contacting efficiency, the effectiveness of a subsequent separation process, etc. In addition, 
these activated carbon of various kinds of may be used by the one-sort independent, and 
can also mix and use two or more sorts together. 

[0022] As contact mode of processing of said solution and activated carbon, there is 
especially no limit and various kinds of mode of processing can apply it. Usually, the method 
processed by adding and stirring activated carbon in said solution, for example is adopted 
suitably, that time — processing temperature — usually — ordinary temperature - it is good 
to set [ 200-degree C ] it as the temperature of the range of ordinary temperature -1 00 
degree C preferably. As a system pressure in this processing, there is especially no limit and, 
in ordinary pressure or self-** of a processor, application of pressure, etc., all can adopt it. 
That is, the bottom of ordinary temperature ordinary pressure, heating ordinary pressure, 
heating application of pressure, and ordinary temperature application of pressure etc. can 
carry out contact processing with this activated carbon on condition that versatility. 
Although the processing time for fully performing this activated carbon treatment cannot be 
uniformly defined since it changes with other conditions, such as a class of activated carbon, 
the amount used, and processing conditions, processing of for [ 1 minute ] - about 2 hours is 
usually enough as it. 

[0023] In addition, said activated carbon treatment is not limited to the method which uses 
the above activated carbon in the state of suspension, and other methods, such as a method 
which circulates said solution to this, using activated carbon as the fixed bed etc., can 
perform it suitably. 

[0024] It is appropriate for the amount of the activated carbon used to usually select 0.01- 
100g in the range of 0.05-1 Og preferably to 1g of solutes in the solution with which 
processing is presented, an impurity tends to remain in the processing liquid which it became 
being less than 0.01 g per 1g of solutes in the solution to process removing [ of the impurity 
from this solution ] the amount of the activated carbon used (adsorption treatment by 
activated carbon) inadequate, therefore was obtained, and the object of this invention is fully 
boiled and it becomes impossible here, to attain it On the other hand, when the amount of 
the activated carbon used exceeds 100g per 1g of solutes in the solution to process, it 
becomes impossible to disregard the amount of adsorption to the activated carbon of the 
fullerene C60 in this solution, and the yield (recovery) of the desired fullerene C60 may fall. 
[0025] As mentioned above, by carrying out contact processing of the solution which 
contains with an impurity the fullerene C60 obtained by organic solvent extract with 
activated carbon, activated carbon is selectively adsorbed in the impurity in this solution, 
therefore the solution after this activated carbon treatment turns into a solution of the 
fullerene C60 of a high grade with which the fullerene C60 in a raw material solution was left 
behind almost as it was. 

[0026] In the approach of this invention, after performing contact processing with activated 
carbon as mentioned above, separation clearance of the activated carbon (activated carbon 



which adsorbed the impurity) is carried out that fullerene C60 solutions of the high grade 
which is the processed solution should be collected from the product. Separation of this 
activated carbon and the processed solution can be easily performed by various kinds of 
approaches, such as a well-known approach. 

[0027] For example, when a suspension method performs said activated carbon treatment, 
separation clearance of said activated carbon can be suitably performed with a filtration 
process, a centrifuge method, etc. The separation approach by filtration is used especially 
suitably. Separation by this filtration can be easily performed according to a conventional 
method, for example, it can carry out with the application of various kinds of filtration 
methods, such as ordinary temperature ordinary pressure filtration, heating ordinary pressure 
filtration, heating pressure filtration, ordinary temperature pressure filtration, ordinary 
temperature filtration under reduced pressure, and heating filtration under reduced pressure. 
In the case of the negotiation method using activated carbon as the fixed bed, although it 
dissociates automatically, activated carbon and processing liquid should just remove this 
particle with a filtration process etc. as mentioned above, when solid-state particles, such as 
activated carbon, mix into recovery liquid in this case. 

[0028] In addition, generally the fullerene C60 of a minute amount has adhered to the 
activated carbon separated by filtration etc. as mentioned above with the solvent Then, in 
order to raise the recovery of fullerene C60 more, washing this activated carbon with the 
suitable solvent for washing that the adhering fullerene C60 should be collected is also 
performed suitably. These washing recovery liquid may be mixed, packed and collected in 
said separation recovery liquid. 

[0029] As this solvent for washing, said aromatic hydrocarbon (system) solvents, such as 
benzene, toluene, a xylene, and a mesitylene, are usually used suitably. Although this solvent 
for washing may not be the not necessarily same class as the solvent which constitutes the 
solution with which activated carbon treatment was presented, and the thing of a 
presentation, when the effectiveness of the whole process, such as improvement in the 
profitability by the recycle activity of a solvent, is taken into consideration, the same thing is 
used suitably. For example, after presenting said activated carbon treatment with the toluene 
solution obtained at the extract process, using toluene as said solvent for an extract, the 
approach of washing the separated activated carbon with toluene can be especially 
illustrated as a desirable mode. 

[0030] Separation recovery of the processing liquid (solution of the fullerene C60 of a high 
grade) from which the impurity was selectively and fully removed by activated carbon 
treatment as mentioned above can be carried out efficiently. 

[0031] In the approach of this invention, the fullerene C60 refined by the high grade is 
obtained from the processing liquid (solution of the fullerene C60 of a high grade) by which 
separation recovery was carried out as mentioned above from the activated-carbon- 
treatment process by carrying out separation clearance of the organic solvent. Although 
separation clearance of the organic solvent from this processing liquid can be performed by 
various approaches, according to a conventional method, the approach of distilling 
[ atmospheric distillation / vacuum distillation, ] off an organic solvent by vacuum distillation 
preferably is usually suitably adopted from this solution. Thus, by distilling off an organic 
solvent, the solid-state-like (shape of crystal) purification fullerene C60 is obtained as the 
residue. Although the purification fullerene C60 obtained is obtained where about several% of 
solvent is contained during a crystal depending on extent of desiccation, the purification 
fullerene C60 said by this invention may contain the solvent of a minute amount in this way. 
Of course, if needed, it may be made to dry suitably and a solvent may fully be removed, that 
is, separation clearance of said organic solvent or desiccation of the purification fullerene 
C60 is not necessarily performed thoroughly — also coming out — it is good and can acquire 
as purification fullerene C60 of various aridity according to the purpose of using a product 
etc. Moreover, extent of separation clearance of an organic solvent can be adjusted by the 
case, it can collect as the various solutions or the dispersion liquid of the purification 



fullerene C60 of concentration, this can also be used as a product by the approach of this 
invention, and the solution of the purification fullerene C60 of a high grade collected after 
said activated carbon treatment can also be further used as an intermediate product in the 
approach of this invention. 

[0032] Moreover, the purification fullerene C60 which carried out separation clearance and 
obtained the organic solvent is recrystallized, and can also be further made into the 
purification fullerene C60 of a high grade. 

[0033] As mentioned above, at best [ yield ] moreover, easy actuation and an easy process 
can recover efficiently the fullerene C60 refined by the high grade from the raw material soot 
(or solution of the crude fullerene C60 by which the organic solvent extract was already 
carried out) which contains fullerene C60 by the purification approach of this invention. 
Moreover, since the fullerene C60 refined by altitude since it consisted of processes to 
which all were suitable for the mass-production method, such as solvent separation of 
solvent extraction, activated carbon treatment, solvent distilling off, etc., in the case of the 
approach of this invention can also be mass-produced easily, as compared with the 
purification method using the conventional column separation for example, etc.. it is 
remarkably advantageous industrially. 

[0034] The purification fullerene C60 (or the solution) obtained by the approach of this 
invention can be used suitable for various kinds of fullerene C60 fields of the invention 
including the electrical and electric equipment and the electronic field, such as a raw material 
of an electrical conducting material and a superconductor. In that case, this purification 
fullerene C60 can respond in activity eye, and can be used with various gestalten, such as 
mixture with the powder (crystal) of various aridity, a solution, dispersion liquid, and other 
matter of various kinds of, and a constituent. 
[0035] 

[Example] Although the example of this invention explains this invention more concretely 
below, this invention is not limited to these examples. 

As example 1 raw-material soot, using the fullerene C60 content soot obtained by the arc 
discharge of graphite, extract processing of this soot 5g was carried out with 11. toluene 
using the Soxhlet extractor, and the extract was obtained. The obtained extract whole 
quantity was condensed, it considered as the 500ml solution, 20g (Wako Pure Chem make) of 
activated carbon powder was added in this solution, and it processed for 1 5 minutes under 
heating stirring at 70 degrees C. From the obtained processing mixed liquor, by filtration, 
separation clearance of the activated carbon was carried out, the activated carbon of 
filtration was washed several times with a small amount of toluene, and washingses were 
mixed and collected to filtrate. The toluene of a solvent was distilled out of this recovery 
liquid using the evaporator, and the purification object which is dried at 100 degrees C for 12 
hours, and targets obtained residue under a vacuum was obtained. Yield was 260mg. When 
the mass spectrum analyzed this obtained purification object, only the peak peculiar to C60 
of a natural isotope presentation, such as peak [M+=720 (12C60) originating in C60, M+=721 
(12C5913C1), M+=722 (12C5813C2), and M2+=360 (12C60), was observed. Moreover, in 13 
C-NMR analysis, the characteristic peak was observed by 143.2 ppm C60. From these 
results etc., it was checked that the purification object with which the above was obtained is 
the pure fullerene C60. 

[0036] In example 2 example 1, the purification object was obtained like the example 1 
except having set the addition of activated carbon to 5g, and having made heating mixing 
time into 2 hours. Yield was 160mg. The same mass spectrum as the purification object 
which also obtained this purification object in the example 1, and the NMR spectrum were 
shown, and it was checked that this is the pure fullerene C60. 

[0037] Extract processing of the same raw material soot 5.0g as what was used in the 
example of comparison 1 example 1 was carried out with toluene like the example 1 , and the 
extract was obtained. When the solvent was distilled out of this extract, 450mg of soot-like 
objects which use fullerene C60 as a principal component, and contain an impurity was 



obtained. 

[0038] Next, the neutral alumina was made into the separating medium for this obtained 
soot-like object (crude fullerene C60), column chromatography separation was performed by 
having used the hexane as the expansion solvent, and the fraction equivalent to fullerene 
C60 was isolated preparatively. The solvent was distilled out of this preparative isolation 
liquid, and 380mg of purification objects was obtained. This purification object gave the result 
of the same mass spectrum as the purification object obtained in the example 1, and 13 C- 
NMR, and it was checked that it is the pure fullerene C60 similarly. 

[0039] In addition, the time amount from which the amount of the neutral alumina used in the 
case of the above-mentioned column chromatography separation is 21 L, and separation took 
the amount of 3kg and the expansion solvent used to it was 12 hours. Thus, in the case of 
the purification method by the column chromatography separation which is a conventional 
method, a lot of separating media and expansion solvents were needed also to little 
purification, the operate time was also long, to mass production method, it is unsuitable, and 
it was industrially checked that it is disadvantageous as it generally said from the former. 
[0040] On the other hand, it can carry out isolation purification of the fullerene C60 of a high 
grade in a short time, and since industrial large quantity processing is easy for the 
purification approach using the activated carbon treatment of this invention etc. through all 
processes, it is suitable as the industrial purification approach, so that the above-mentioned 
examples 1 and 2 may also show easily. 
[0041] 

[Effect of the Invention] As opposed to the solution of the crude fullerene C60 which was 
extracted with the organic solvent by the conventional method etc. from the fullerene C60 
content soot obtained by the arc discharge of carbon, such as graphite, laser ablation, etc. 
according to the approach of this invention Since the specific method of performing 
activated carbon treatment and carrying out adsorption treatment of the impurity selectively 
is used Extremely, separation recovery can be efficiently carried out with recovery high 
enough, and moreover, since actuation and a process are easy and a space time yield is also 
large, the fullerene C60 of a high grade is easily applicable also to mass production method of 
industrial magnitude. That is, according to this invention, the purification approach of the 
advantageous fullerene C60 remarkable as the industrial purification approach for obtaining 
the fulierene C60 of a high grade can be offered. 



[Translation done.] 
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MISI¥CCRtoSiS!|t14©«m*t*4£ DT©J8^*>*# 

[ 0 0 0 4 ] C ft 6&«©iiSS&©:7 9-1/ >©*T 40 

j&©*xfcWf##**i\. *P&. tr<*S. ?9-u> 

ig<*<!:&.&C<i:#liW3ft. JUTS***. -tzi^A^E© 

t^* y &n©i8flnK: <t -7 -c;x * 

tlCt&mZti. ^aB*^©aS4*»t^* [Na 
t u r e , 350 . 320-322 (1991), Na 
t u r e , 3 5 0 . 600-601 (1991) ] . 

[0005] c©.*^. 7 9-u>c»,ra. ma-^ 
^m^tcsbt-rt&momm^i'C^x. %m so 
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£k ifS*tiL--c©»!SF*i6ii*r^#< > -eft®*., r 
* h ft tm&&© t> ©£*scc£g-r zmm^m^m 

SftTO*. 

[0006] Cft67 5-l/>S». ^7 7 

Wh«©i£gi©y-2fifctl (&SOT&i£) -^U— »f- 
T^U-^a> (U— !f-S^^) tCfcor^K^fiS 
•T4C<k*JftlP>ft-CC»S*l. •€■©(©. ^ni©B7 7 

>j8£c©x*i#gma>e>#i8 (iffiffi) ftST«.tt{i5*i 

^ <t tX Z . C ©»^ • fit«:fr£*£«>fcft3fc© 77- 

u>S©Sj§e?Jf5£br(i. ±fE©^-cmc^x*» 

6. -o-tfx hJUi>5?©7?#»^<bKlKtc«t«)aw 
73-fBL/rfflS8©7 5-U>3g£L. 3 Cft^tftt 

t5iU7M*%ie.nn>.5 [Nature, 34 

7. 354-358 (1990) ]. CCt, 
^©fflffiKTfSK^fc^S^ffll^Wtt. 7 5-U> 

[0007] &**1#&®a>e>iiiK:7?# 

C , , -5 * ^ *5?#i^t*S^©WfS?g$K: J; 

otiffltl.i77-u>c.,4)»J:<ffliia-c#st 
©©if^ftfcfli Wjg4>«:«7 9 - u> C ,. ©ffek:®'!? © 

[0 00 8] fCC, il*BK©7 9-U>C„?:^fc 
fit*. ±IH©J:5tC»Ul^-Cf#/ctHS!f©7 7-U 
>C.o (7^-U>C 60 <t^FiK^4^WTS^^*a 
{*) 4*7A70v hmcJ:-5r7>SttflS!iLii5^a©7 

fi©ffii?{c«SatC)iffl-r^St>©©. ^©IfStfn* 

±iB©xx^©7^-u>c„?r#wrs^x-?>-e 

©W^^ffl W (C <fc-,-Cf#6ft/cfflSf7v-U>C..© 
WjKS©7 5-U>C,«,?r^«:^cB^oI 

tg%x*w%t»i!{a©pa^*^< a*ftr^/co 

[0009] 

*ffi*-c<t3ftfcfc©r*-&., *^?§©@w». ^9-7 

t-Y h^©g^©T-i'SScm. U-tf-T-/U-->a> 

ft £*«:«fc o -c» e>ftfc % xm<o y v - u > c .„ 

*x x-^-e©WIS®«!Kcfc S»m«:<i:«) f#6ftfc7 ^ - 

$BS©79-W>C S .4. J8!l^J:<7?8t[Hl»R-r?)^r 
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[0 0 10] 

m&mtZft18. -5 C £ (c J: -o r +#Cci«*&K© 7 10 

•7 - u > c . . * jrhs <*: < » 4 c t &v * * c <t * m a L- 

* t <, » ^ iMio^isitc feign 
«:Mffl-f-5c<h#s-c#, b#>fc, i§fi:tfflMir:cfie>d> 

tooi n w±©*nm«:s-3<,>t:, $»Bst6(* 1 # 

s-r c i r-s ? ^ - u > c „ ommnmzm. 
«-r-sfc©-c*s. 

[0 0 12]*^i©^(Ctel,>m 77-l/>C„ 

[ooi3] c ct, mriaw^jg^^sftm^sx^ 
u - a > (c «t o i§ 6 ftfc 7 ^ - u > c s . ^ w * ^ # 
^mcJ:-p-cisBi3nfc4><D*s^-r^^i'2a«± 40 

[0 0 14] ftfi2MI4x* 

*s> a^B> {af*.«< ^<>-fef>, h^x>. +^u>. 
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&88^©ffii©id^*£*Lfcttggr^-r *c 4 fer- 

[00 15] COtttB^ftiLt^ *#K:fW|SStt&<. 

[ooi6] c 5 urttWi«a>£mjR3*i;te««?8«J 
[0017] **W©^tc*JC>r«. c©j:$(cw«K 

?gj£{C <fc 0 a ffi S ttfc 7 5 - U > C 6 o «;7M«1 4 i fe «c 

[0018] c©Tgtt^4©«M«ia^«-rs^jg 
itjgatufcj: rfifc«iaifS-e© fe©*^®^^ s n 

fiS©^^fofc^}«fe5fig{cftffl$ns. 
[0 0 19] ±iB©cfc^{CUr^c«iai^ 

©S?g?:MfBrgffi^i©Sfi!l!toStc«L>-CfeJ:<, * 

c©cfc^(cWts^(c«fcS«itHMffl*st-r(c%3 
[0020] mststttamumtcmt&Bm {? 

-c^K^bTk^ (^) ««*fflc^ -e©«wxg*>6 
»6 nfcifltb?s*r§tt^ £ (Dimmmicm-r h 1 1 » 5 a 
^^jWcsyBT-sciaiTsa©-^ c©*«:*j 

[002 1 ] WIBr§t4^£ l/t«, Stt*^?© 
^©ffl^S©«tt^. #^©to%^©r&tt^ii £" & 

a©fe©*iffiffl^-cA*„ cne.©*^*). Mm«. 



f8bTSffi®e-rti«j:t,>„ c*ie>©#«©tsf4 

[0022] Wie«ifjffi<h?S14^«!:<DSM«iffi^i UT 

©iss. $&ai§fi£. am. ma~2 o o*c. wkb 
ms~i o o'C(DiiH©ss«:s:^-rs©*i«fct>. cod 

u < tt*a.Jis%©BEE. jjuEEft i't^-rnfcSfflpjter* 

tt-CSUt-r S C. £ #r # S „ C CDfi5tt^S«r+^{Ctf 

m<»fe<D^&K£^xmrj;*ox—mu:'g}bZ>ztifix 20 
frttnai. am«. i#ia~2ii#isga©*&sr+#r 

[ 0 0 2 3 ] HfrierSttK^at*. ±ia©j: 5#r£ 
1^*&a^rfl§us;fr5£K: Esses ft* fco-crafc 

[0024] ffia^©ffifflfiw. ^acc^-r^^^*© 

&ftl jrtCfcJOr. am. 0. 0 1~1 0 0 g. 

< tt 0 . 05-10g ©JSffl(C3l5rr -5©#Sjg^r& 30 

3. cct, *> LfStt^^ffls^. **&?-*&>£#© 
^»i g^fco 0. 01 smfc^&ztimm>h<D^ 

ffitt£3©<sMifitf» ^aTS^*©^Kl 

s^fco 1 00 **a*4£tira«it>©:»9--u>c.. 
(DmTm&m-zf&mm&imx b^©? 

[0025] fcLh©J:5it. W«5^»m«:J;o-cffe. 40 

htcmim.<D? ? - u > c , , <z>mw.t u % . 

[0 0 26] *^©*j*K*JC»T«. fct_h©J:5K:L 

cojsi^tfcas &&©:* so 
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^©#@©#&«:<fc ->r£g«:tT 5 c £ a*r $ 
[0027] MiBiSttWeB£BS#jAcc «fc o 

j£*^ffift£fc«*oT»BKif'>ci#-e$.&„ «*>r 

ate* mffitceeor^gtctf ^ci*trt. 
mi*. mi&SEE»a. an&SEEaia. fln&jneaa. 

£Ur/8c»fcifca2fS©»^«:tt. r§ttl^iMSffi«a 
[002 8] ft*. feU:©<£5K«®3?«:«fc-,r#&i;* 

j-ifc&tt&cca. -gate. s«©7 5-u>c 6 .*!^ii 

ttilCftfl/tl^. *Cr. 7-7-U>C s „©lilJR 

-r < fflm&t*a%ti:ffifrm&mic j: ^ r am? c 

[0029] C©?5t^^i L/r«. as. 

-rufci§ic®ssu : fflfi£©*>©r ; !&:<rt=fc<<^. s«i 

©jai**#fflL/tJs^. i^fii©4>©*swaK:ffiffl$n 
m«. BfriatttfifflSjSii cr h;i-x ffl 

[0 030] «±©<fc occur. Stttf»»K:j:07f« 

[003 1 ] 2fc^©^tc*jt>r«. «±©J:0Cct 
r«tftK«iffiXg^6^K0iRStiA:ftHl»E (iU*6S© 

c t K J: o riSiiWefcifS » 3 n/c7 =j - u > c 6 0 
c ©as« e ©Wti^i«©^«i^*« . «<?©^r 

< »«eqkbcc <fcor. s*-r zimw&mtcum $ 

e.ns. coLrf#p.nswS7^-u>c„{*. km 

,.«. c©J:0«:jag©^*^*Lrc^t©r$)o 
rfcJ:c>„ *>*4^ £<S(ciSDr. aaigMS-B-r. 



«*©fS«5SK©fiS?7 7- P>C, 0 £ t/TliTSC £ 

©aa^pfiptT, «*©igg©fitisi77-u>c,.© 

£M n D D £ L ^J^TT £&-?&* I, , 3 1512 
Stylus® JR3 nfcfii$BK<DfitS8 ^ 7 - u> C. . © 

xtmcoij&ictovztpMmshtisXMm-s-z io 

C£<fc>"C*S. 

7-U>C,„*\ WgSLT. 3 6KSt«S©ffiSS7 5 
- u > c , „ £ -t s e: £ h x * -5 „ 
[0 03 3] £LL XftWonSimilc J: ,t, 75- 
u>C..*$Wf (fcfcWi. T-CtcW^ 

«5«iW3nfctftis{7 7-u>c, 0 ©^?g) #>e. flaws 

xg#>e>£to-cc>£©-c, Ba«:fii!i3n/c7 7-u> 

[0034] *^ojcD^ffi(cj; ^xmhtitcmm??- 
t>>c t , ^<Dim.) ». m«> #«t* 

£k «£«&©«#&£'. H» • ^-?#fJ£ttD&£t- 

#-C*S„ *<DR» C©fif$?7 5-U>C S8 tt. ffifflg 30 
WKl^DT. «*©&*££©«&;* (tSA) . &$tv #tfe 

[0 0 3 5] 

3ft£fc©-Cttfc(,>„ 

v^xu-auj«%ffli>"C l 'J » hjw©h;ux>r«iffl 
5 0 0ml ©&«£ L, tt«tiftCc}Stt$t&*; 

a») 2o»*asao. 7ox;icjMMMrrci 50n 

ft*$HtHfc*U ^©jSttW*^©!-^^*?*® 

^n/cgi?s^*^T. i o o -c-c 1 2 B$ffl&**3 am m 

t-tZWMWlZWc. lRIB2 6 0mg?*ofc. C© 50 
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Kft3W«K-* [M* = 720 ("C„) . M* = 7 
2 1 ("C^C, ) . M* =7 22 ("C.^C 
, ) . M"-360 <"C..) fc£-^^&7e5?ifflfiJc© 

c..(ci«r©e-j') ©**5ta^$tifc. i, c- 

NMR^tfriJ, 14 3. 2ppm{CC„K^©k'- 

^«?nfc a cn6©i^m^^. ±te©»6n/t: 
niHM>tin« 7 =7 - u > c . . x $> c £ *s?iss s n 
fc. 

[0 036] HJ6092 

ftBiMiBrom* 2 b#h t u weww. suetai 1 1 mmic 

Lxmm^Wfc. iRSW 1 6 Omg^ifc. C©t8 

ssta mussed i -cmttmm®itmm<D-7xx'<>7 

C * , -5 C i 3 n/c„ 

[0037] ttmt 1 

t^F|ifi^l*^tf^^t^*S4 5 0m gf#6*a 
[0038] ^«C. CO^^n/cX^W) (fflSS©75 

U^CiCtaS-r^^^i'i/a >*^KL/fc. c©a-m 
«^6?§«?ra*L.. «I8«J43 8 0mg»fc. C©ffi 
$3«J«. SdkM 1 t?»AJ»W»4 IH«©^^ x-^ ^ F ;u 

>C»(,-C4>€»C i:&mW.$tltc. 
[0 0 39] %*J V iia^^Ai'nv h^ttCDRtOifitt 
7^5^©«fflfiW3kg > JKP8^fJ«©^ffl««2 1 U 
h;U-C4>*K ^{StCStfc^raitl 2B#K|-C*^fc„ 
coi'Jtc, «a-c*S*7Ai'a7h^i(cJ:Sffi 
!??£©»£«. il?fi©if«Mtc^ L»T4> ^fi©^{SISiJ^JII 

pg^^^iu. tRfmme»ft<. mtftb-Macw 

(C «^Jt? & 5 £ t > -5 C <b *556IS 3 ti?c„ 
[0 04 0] C*UC*tUT> ±IB3ISfe«?dlRi>'2 75>6 4> 

[0 04 1 ] 

•c *®?§*rc«im 3 titcmmo y v - u > c „ ©?§?£«: 

WL-C. iaStt«j8BI*fTC»^lfi«l'feJl»?W«:W»liJ8*'f 
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tm<D? =7 - U > C . . &f§ 5 fc»<DXgfi<J&ffi»£i£ i 



